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Parking control enforcement in the urban central areas without near equilibrium in parking demand 
and supply is a mere relocation of parking problem. These phenomena often agitate the mind of 
transport management professionals. This study is on the analysis of official and unofficial public 
parking locations within Minna Central area using 2009 to 2019 Satellite Image and field parking survey 
data. A handheld GPS (Gamin78 X model) with digital camera was used to locate and map the existing 
parking spaces within the town. The study finds out that the relocation of Mobil Central Market from 
the Central Business District (CBD) to Fadipe along the Western Bypass do not in any way solve the 
core area traffic interruption of on-street parking but rather relocate the problem. It is therefore 
recommended that modern off-street parking lots with IT infrastructure be provided while developing 
the BRT programme. 


Keywords: CBD, Digital parking management, Interrupted traffic flow, On-street parking, Road capacity, Traffic 


gridlock. 


INTRODUCTION 


Vehicular parking activities are part and parcel of a 
roadway system, but the agglomeration of vehicles 
within a portion of a roadway especially within the 
urban area is a major threat to the built environment 
and a challenge to environmentalists. It has been 
observed that parking of vehicle is a major issue of 
the urban transportation system in any Central 
Business District (CBD). Debasish and Mokaddes 
(2017) have observed that a sharp rise in vehicular 
ownership and insufficient transit system give rise to 
the huge on-street parking demand leading to a 
reduction in effective carriageway width, flow speed, 
creating unnecessary congestion, etc. In Nigeria and 
even in other developing countries of the world, 
vehicular usage especially car increase every year, 


for instance in Jakarta with statistical car growth rate 
of 6.48% annually, the total car in 2020 will be about 
4,439,844 cars, and most of these will be parked at a 
point in time and space. According to surveys, at 
least half of those figures will occupy parking slots in 
the commercial areas (Pardosi, 2016). Parking is the 
act of stopping a vehicle and leaving It unoccupied for 
more than a brief time. Parking on one side of a road 
is commonly permitted, but on both sides of a road is 
often with restrictions. Parking facilities are 
constructed on most highways, to facilitate the free 
flow of tratfic, (Yang et al., 2010; Victoria Transport 
Policy Institute, 2011; Ye et al., 2013). But most 
urban centres lack these facilities as activity areas 
are expected to provide surface or special parking 
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lots for their commuters. The government of any 
nation and transport stakeholders will like to achieve 
the following five objectives: Assist economic 
development, ensure safety and personal security, 
improve access and mobility, protect and promote 
public health and ensure ~ environmental 
sustainability, (Gbadamosi, 2009; Shiftan and Burd- 
Eden, 2000; lbitoye and Bello, 2012). Because of the 
fast-evolving world in transportation and _ the 
attendant mishaps, countries like Europe has absorb 
innovative technologies and business models that 
maintain its position as world leader in transport; they 
have applied smart parking system in combination 
with Internet-of-Things (loT) (Den 2015; Armstrong 
2015; Khanna and Anand, 2016; Rao, 2017). 

The traffic incidence on the urban streets as a result 
of agglomeration of urban activities causes traffic 
congestion and thoroughfares (European 
Conference of Ministers of Transport [ECMT], 2007). 
This inevitably leads to longer journey time and the 
socio-economic life of the residents are being 
affected with the associated high cost of fuel 
consumption and environmental pollution (Fadairo, 
2013). Urban form and land use interaction are the 
major factors influencing the sustainability of cities. 
There are evidences indicating a strong link among 
urban form, land use interaction and sustainable 
development, although it is not simple and 
straightforward. Significant relationships have been 
found between energy use in transport and physical 
characteristics of cities, such as density, size, and 
amount of open space (Banister et al., 1997). Land 
development will bring about a series of costs that are 
related to the consumption of capital, resources and 
energy. 

Cities in the developing countries are developing 
very rapidly, and most of the developments are in the 
form of urban sprawl at the fringe of the urban areas 
(Ginsburg et al.,1991). These urban sprawls have led 
to a lot of environmental and transport problems 
arising from daily inner core commuting. Space 
layout and urban road traffic network management 
presents a critical challenge as a result of increasing 
levels of urbanisation and vehicle ownership. 
Vehicular Parking in the City Centres is provided both 
in on-street and off-street, the latter through tenant 
parking and parking in public car parks. On-street 
parking in the City Centre is typically time limited, but 
there is no paid on-street parking. There are usually 
on-street spaces in some areas along the dual 
carriage roads within the town, with projected 
increase of city traffic, although on-street parking will 


have to be reduced to increase capacity on key links, 
and increase reliance on off-street parking. The 
growth of any city creates competition for kerb space, 
both for traffic flow and for competing uses such as 
taxis, buses and loading. 

For instance, the Wollongong City Centre Car 
Parking Strategy and Implementation provide 
additional 600 Council owned off-street spaces in 
2016, with a further 1,100 spaces to be provided by 
2026. It is also expected that a significant number of 
off-street car parks will be provided in future years as 
part of private developments. Current routes to the 
major off-street car parks are often circuitous due to 
bans on certain traffic movements, notably right 
turns. A lack of real-time information about parking 
availability in most developing countries like Nigeria 
means that patrons may have to make lengthy trips 
between car parks if the first choice is full. With the 
rapid growth in traffic patterns and space utilisation, 
there is a growing need for parking survey and 
analysis to ease out the problems of informal parking 
activities and traffic interference (He et al., 2012; Cats 
et al., 2016). This is accomplished by the use of GIS 
and remotely sensed data techniques to aid the 
analysis of general parking structure and parking 
needs in the town. 


Aim and Objectives 


The aim of this study is to assess the general parking 
structure and parking needs in Minna using GIS tool 
as a base for functional intra-urban road traffic policy 
formation. This is achieved through the following 
objectives: 

i. | Acquire a high-resolution satellite imagery of 
Minna that shows the existing formal and 
informal on-street/off street parking areas, 

li. | analyse and map the spatial distribution of 
those parked vehicles, 

li. © examine the land use pattern that influence 
the parking activities, and 

iv. identify and propose functional informatory 
sign posts for effective utilization of formal 
parking lots 


REVIEWED LITERATURE 


In calculating parking requirements, planners 
typically use generic standards that apply to 
individual land-use categories, such as residences, 
offices, and shopping. The most commonly used 


guidelines, issued by the Institute of Transportation 
Engineers in the Parking Generation Handbook (ITE, 
2003) are based on observations of peak demand for 
parking at single-use developments in relatively low- 
density settings with little transit (Shoup, 2007). 
These parking requirements are often copied from 
One jurisdiction to another, and so they are 
remarkably consistent across different cities. Generic 
standards do not take into account the many highly 
local variables that influence parking, such as 
density, demographics, availability of public transit, 
potential for biking and walking, or the availability of 
other parking nearby. The obvious results of such 
rigid requirements are big empty parking lots and 
they can also result in empty buildings. Perfectly 
useable space in older buildings with limited or no on- 
site parking may not attract tenants, because the 
businesses that would like to locate there are unable 
to meet high minimum parking requirements. The 
buildings remain vacant, thwarting redevelopment 
plans (Shoup, 2005). 

Research shows that each time residential density 
doubles, auto ownership falls by 32 to 40 percent 
(Holtzclaw et al., 2002). In financial cost of infill 
locations, the opportunity cost can be quite high, as 
each on-site parking space can reduce the number of 
new housing units or other users by 25 percent or 
more. The cost per space depends on engineering 
and design considerations. Cost per parking space 
Includes land, construction, maintenance, utilities, 
insurance, administrative, and operation costs 
(Tumlin and Siegman, 1993). Litman (2004) analyzes 
cost recovery thresholds for parking under various 
scenarios, finding a range from $20 to nearly $200 
per month to finance, build, operate, and maintain a 
parking space. With such wide variability, national 
averages, especially those including land costs, 
clearly do not have much meaning. 

Many researchers have worked on_ parking 
activities at CBDs which include that of Huanmei et 
al., (2010) who studied the effect of public transport 
accessibility on parking demand of commercial 
buildings in Beijing and observed that to certain level, 
the parking demand decreased significantly when 
transit accessibility index increased. Moreover, 
furthering the work of Sandip and Taraknath (2010) 
in parking demand forecast for the Urban CCD, 
Cheng et al., (2012) included factors like average 
turnover rate, parking occupancy, service level, 
parking fees, growth rate of automobiles in their 
demand model. While Subramani (2012) re- 
emphasis the need to enhance off-street parking 
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facilities to reduce the congestions in_ the 
carriageway, especially in CBD area and that high 
parking fees has proved ineffective method of 
controlling parking problems. 

As local governments respond to public demand for 
better development patterns, many have created 
alternatives to inflexible minimum parking 
requirements. The alternatives have aimed at 
avoiding an oversupply of parking, minimizing 
parking demand, or using the power of the 
marketplace to regulate parking. 


SPECIFIC STANDARDS 


Setting parking standards to fit the particular context 
of a neighborhood or development is a challenge that 
city planners are expected to continually tackle. 
Parking requirements are often applied for each land 
use city wide, and so lack the flexibility needed to 
address different parking needs. A major challenge 
for city planners is how to make codes more flexible 
and sensitive to specific local conditions, but still 
provide the predictability desired by developers. For 
instance, Milwaukee Is said to have some of the 
lowest city wide parking ratios anywhere in the 
country. Parking ratios for retail are two spaces per 
1,000 square feet, compared to the Institute of 
Transportation Engineers’ standard of one to 300 
square feet. 

Theoretically, the requirement of parking space 
amount is calculated using R = L/ SRP ratio method 
based on the ratio of the building (L) floor area to the 
units of parking space (SRP), which is divided into 
road sections or parking blocks. The determination of 
parking in general according to Pande and Brian 
(2016) should consider the following: 

i. | The width of road 

li. | Volume of traffic on the road 

li. | The characteristic of velocity 

iv. Dimensional vehicle, and 

v. The nature of the land allotment and the role 

of the road concerned 
Traffic congestion impacts can be measured based 
on roadway volume to capacity ratio S (V/C). On a 
roadway segment, i.e. number of vehicles at a 
Snapshot in time divided by the capacity of the 
roadway. V-C is generally reported as a decimal, e.g. 
0.8 or 1.2 and then categorized into a level of service 
ranging from A (free-flowing) to F (extremely 
congested). A V/C less than 0.85 is considered under 
capacity, 0.85 to 0.95 is considered Near capacity, 
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Figure 1. Digital parking lots management. 


0.95 to 1.0 is considered at capacity, and over 1.0 is 
considered overcapacity. Congestion is a nonlinear 
function, sO aS a road approaches its maximum 
capacity, small changes in traffic volumes can cause 
proportionately larger changes in congestion delays, 
OECD/ECMT (2007). Improving traffic operation 
typically consists of use of traffic signals, 
implementation of contingency plans, provision of 
real time traffic information, pre-trip guidance, 
monitoring and management of traffic flows (Judycki 
and Berman, 1992; Black, 2003; Hon, 2005; 
European Conference of Ministers of Transport 
[ECMT], 2007). For business uses, Milwaukee 
requires eight spaces for the first 2,000 square feet, 
and one for each subsequent 1,000 square feet. In 
the downtown zone, there are no minimum parking 
requirements for any land use except high-density 
housing, where the ratio is a very low two spaces per 
three units. The city generally discourages surface 
lots within the downtown and dictates that at least 50 
percent of the ground floor of parking structures be 
used for retail. These policies were enacted in 1986 
and strengthened in October 2002 with new credits 
for transit-oriented development, on-street parking, 
and shared parking. Developments within a defined 
geographical area near transit (which encompasses 
over half of the city area) are granted reductions of 
up to 15 percent in the minimum requirements. 
Further reductions are allowed for on-street spaces 
adjacent to the property (up to a 1:1 space credit), 
and for shared parking (up to 0.75 space credit for 
each shared space). One to one credits are also 
allowed for leased parking spaces in existing lots 
within 750 feet of the site, Milwaukee Department of 
City Development, (2002). Raji and Waziri (2008) 
examined the problems of intra-urban traffic in Lagos 
and found out that 57% of commuters and motorists 


spend between 30 to 60 minutes on the road due to 

traffic congestion, with the worst high traffic incidence 

occurring on Mondays. Aderamo and Salau (2013) 

have also examined the problems of urban traffic flow 

by developing a demand model using linear 
regression analysis in SPSS tool, and found out that 
on-street parking is one of the major causes of delay 
and congestions. The factors that cause traffic 
congestion in Lagos and other urban centers is 
mosily associated with on-street parking and street 
trading activities. On street parking causes safety 
and congestion problems by blocking one or two 
traffic lane, reducing visibility, insecurity and forcing 
pedestrians to walk on the carriageway where 
walkways are not provided, it also obstructs access 
to emergency services providers thereby thus 
resulting into accidents and affecting _ traffic 

movement (Rye, 2010). 

An ideal road network should have exclusive lanes 
to segregate fast moving and slow moving vehicles, 
cycle lanes, exclusive bus bay and service lanes 
(Debasish and Mokaddes. 2017). Further more 
increase in numbers of vehicles without adequate 
infrastructure, has accentuated the problems of traffic 
congestion, traffic delay, parking problems, accident, 
and urban land use severance (Raji and Wasiri, 
2008). Cities have a wide range of strategies at their 
disposal for more effectively utilizing and managing 
scarce on-street parking supplies. These 
management strategies typically involve some 
combination of four primary elements: enforcement, 
technology, conventional regulation, and price-based 
regulation. 

a. Enforcement: This is typically accomplished by 
the issuance of parking citations/ fines, as well 
as even towing and _ booting. Parking 
enforcement is generally constrained by the 
limited number of parking control officers 
(PCOs), 

b. Technology, is the use of more advanced 
technology in parking management. which 
include: electronic and mobile device payment 
options, networked meters and occupancy 
sensors, and real-time information that can be 
disseminated via on-street signage and the 
internet as indicated in Figure 1 (Wang and He, 
2011). 

c. Conventional regulatory strategies have long 
been the hub of on-street parking policies and 
programs which include: traditional metering, 
time limits, residential permits, and coloured 
curbs. Conventional regulation necessitates an 
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Figure 2. Map of Minna and the study location. 


administrative process by which parking 
conditions are periodically observed and 
modifications to the “mix” of regulations are 
undertaken. 

d  Price-based regulation encompasses 
strategies which leverage the sensitivity of 
drivers to parking price in order to achieve one 
or more performance objectives. The primary 
price-based strategies are as __ follows: 
progressive pricing or length-of-stay pricing. in 
conjunction with relaxed time limits. By charging 
a higher hourly meter rate for each additional 
hour, short-term parking is encouraged and 
turnover increases. 

Set on-street parking rates to achieve an 
availability target. This strategy is referred to as 
variable pricing. Meter rates are set (and 
periodically adjusted) with the goal of achieving 
an occupancy level of approximately 85 percent. 

Combining the Elements: The aforementioned four 

elements of parking management can be combined 

in multiple ways. Enforcement and technology are 
the cross-cutting elements, which have a role under 

any type of parking management program. Under a 

price-based program, conventional strategies play a 

supporting role while they remain the primary 

regulatory approach in those areas that is not subject 

to variable pricing, (Mahmud, 2013). 


MATERIAL AND METHOD 
Background of The Study Area 


Minna which is present administrative state capital of 
Niger State has derived its initial growth and 
importance from the development of the Lagos- 
Kaduna rail line and the subsequent transfer of the 
local government headquarter from Kuta to Minna. 
Geographically, the town lies between latitude 9° 38 
- 9° 45 N and Longitude 6° 33 - 6° 39 East, and is 
about 135 km away from Abuja the Federal Capital 
Territory (FCT) of Nigeria south-west, as in Figure 2. 
Minna with an average total land area of 74,344 km? 
which is approximately 8% of the total land area of 
the country has a population estimate of 352,000, 
396,000, and 456,030 in the year 2012, 2016, and 
2020 respectively (World Population Stat, 2021). This 
is because of the relative peace in the town that 
attract the influx of people from riotous neighbouring 
states like Kano, Jos and Kaduna and also the 
positive influence of Abuja, the federal capital. 

The key data source for this research work is the 
satellite imageries of Minna of 2009 to 2019 and 
participatory field survey of parking activities around 
the core area of the town. Four Images of the year 
2009, 2013, 2016, and 2019 were used to contrast 
differences in traffic conditions; when the major Mobil 
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Figure 3. Multi-temporal images of Minna CBD (2009, 
2013, 2016, and 2019). 
Source: Google extract. 





Figure 4. Image of Minna CBD and the existing 
garages (Google extract). 


Market was in operation, during demolition, during 
reconstruction, and during project abandonment as 
revealed in Figure 3. These periods spread across 
two regimes of democratically elected governors 
from different political parties (PDP and APC). The 
satellite image acquired was imported into ArcView 
GIS and digitized using the polygon menu to map out 
the major parking areas. 

Participatory personal observation and calculation 
of parking structure were carried out using mobile car 
and stopwatch menu of GPS Gamine 78X for parking 
duration and geolocation data assemblage. The land 
use and street guide maps obtained from the State 
Ministry of Land and Survey were updated using the 


satellite imagery to aid the spatial trip generation and 
attraction analysis of the study. 


DATA ANALYSIS 
Land Use and Traffic Flow in Minna 


Minna the state capital of Niger State has 25 
neighbourhoods including the army and _ police 
barracks. Chanchaga, Maitunbi, Bosso-Maikunkele, 
Dusen Kura-Fadipe, Kpakungu-Gbeganu, and 
Barkinsale-Suka Kahuta are all residential land uses 
Surrounding the core central area of the town. These 
neighbourhoods are the origin of traffic generation 
that are attracted to the central area for daily 
business activities. 

The township road design seems to complicate the 
traffic system as the Chanchaga-Mobil-Bosso- 
Maikunkele dual carriage road traverse the town like 
the Greek north-south (Grid Iron pattern). The two 
Western and Eastern Bypasses also have direct link 
to the core area through Maitumbi-Mobil- 
Keterengwari roads. 


Minna CBD 


Mobil round about in Minna is the central area of the 
town like the Municipal in Jos. In fact, it is believed 
that ‘Mobil is Minna’ and vis-a-vis. Mobil Market and 
the motor park are key commercial centre in Minna. 
The park is the final stop for all commercial vehicles 
from other parts of the country like Oyingbo in Lagos. 
Other major activities in this core area are: Gwari 
Market, Gbadebe Market, Obasonjo Complex, 
General Hospital, three petrol filling stations, three 
banks, and many shops and offices. These are the 
points of attraction for the commuters. 


Existing Off-Street Parking Lots 


Precisely in Minna central area, there are no modern 
formal off-street parking lots apart from the three 
commercial motor parks, see Figure 4 for the park 
locations. The government has never deemed it 
necessary to build or woo investors to build modern 
parking lots, hence the prevalence of on-street 
parking menaces in this part of the town. 


On-Street Parking Relocation Challenges 


The traffic challenge in Minna around Mobil 
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Table 1. On-street Parking Inventory Survey of Minna CBD. 


Road Road Lane On-Street Parking 
Width (m) per Year 
85 92 61 76 


. Sabongari area 
Old Airport road 
Keteren-gwari area 


Gwari-Market area 
Mobil roundabout 
Obasonjo complex 
Kuta road area 
Ogbomoso road 


Source: Researcher's image analysis. 


Roundabout before the year 2010 led to the 
relocation of Mobil Market to the Western Bypass 
now called Kure Market and Afri Bank (now Main 
Stream Bank) under the regime of the Chief Servant, 
Talba. It is however observed that the relocation of 
the market and traffic law enforcement around the 
area actually yielded ephemeral result, but also led to 
the emergence of chaotic traffic flow along other 
roads within the CBD. The eight selected roads for 
this study are: Sabongari road, Old Airport road, 
Keteren-gwari road, Gwari-Market road, Bosso road, 
Obasonjo complex, Kuta road, and Ogbomoso road 
as indicated in Table 1. Using the four images with 
three years interval, the dynamics of the on-street 
parking within the CBD is clearly revealed. 

Based on the vehicular features revealed on the 
imageries, it is observed that while the on-street 
parking around the Mobil Roundabout reduces from 
about 55 to 9 cars in the year 2013 when the 
enforcement was stringent, on-street parking along 
roads like Ogbomoso road, Gwari-Market road, Old- 
Airport road and Keteren Gwari road were 
multiplying, see contrasting image of 2009 and 2019 
in Figure 5 showing vehicular parking density within 
Mobil Roundabout. 


Impact on Road Capacity 


Capacity analysis is fundamental to planning, design 
and operation of roads generally, and this is defined 


single/Dual Carriage 
Double/Dual Carriage 
Double/Dual Carriage 
single/Dual Carriage 
Double/Dual Carriage 
Double/Dual Carriage 
single/Dual Carriage 
single/Dual Carriage 





as the maximum number of passenger cars which 
can be accommodated under given conditions with a 
reasonable expectation of occurrence. Capacity is 
probabilistic measure and it varies with respect to 
time and position. In fact, Highway Capacity Manual 
recommends the application of Equation 1 to 
determine the proper adjustment factor for parking 
(Shiftan and Burd-Eden, 2000): While vehicle peed of 
flow: over a particular route may fluctuate widely 
depending upon several factors such as geometric 
features, traffic conditions, time, place, environment 
and driver. Spot speed is the instantaneous speed of 
the vehicle at a road section at a given time. 


¥-O.)-N. (2M 


where: 

fo = Adjustment factor for parking; 

N = Number of lanes in group; and 

Nm = Number of parking maneuvers per hour. 

The American Association of State Highway and 
Transportation Officials (AASHTO, 1994) also 
confirms that on-street parking reduces capacity and 
interferes with the free flow of adjacent traffic 


PROPOSED OFF-STREET PARKING LOCATION 
AT THE CBD 


Minna the state capital of Niger State is overdue to 
have at least one functional modern off-street parking 
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Figure 6. Proposed site for off-street parking 
lots in Minna CBD. 


lots at the CBD to curb the menace of indiscriminate 
vehicular parking and at the same time ease the 
stress and time waste to search for safe parking 
Space in the central area of the town. Paradoxically 
in Minna, commercial taxi drivers have garage 
around Mobil roundabout contrary to conventional 
taxi operation in other cities. In fact, they queue for 
turn instead of continuous picking of passengers at 
bus stops and along the streets. Their present garage 
near Mobil filing station is hereby recommended for 
the construction of the modern parking lots as 
indicated in Figure 6. 

This site is the most suitable as it has little or no 
much compensation obligations and the accessibility 


is good. Multi-storey parking lots can be constructed 
through Public-Private-Partnership (PPP) approach 
in view of the continuous dwindling of government 
revenue. Formal off-street parking is a lucrative 
venture in any city centre especially its security 
feature that makes it attractive to commuters. 


CONCLUSION 


This study has demonstrated the use of remote 
sensing data in parking survey analysis and policy 
implementation, and this serves as input data for 
other spatial parking models like the computation of 


Loss-of-Service (LOS) and parking index. Mobility 
management in Minna is still in its lowest ebb 
particularly in terms of multimodal system and 
infrastructural development. Most policies 
implemented are more of response to challenges 
than blueprint plan implementation. The lack of 
availability of a functional modern parking system is 
a major challenge and it has significantly affected the 
trip pattern in the metropolis as studies have shown 
that more multi-modal streets increase the use of 
alternative modes. This goes along the findings of 
Zheng et al., (2013) on the influence of on-street 
parking on road capacity around schools based on 
flocking theory. 

Traffic calming reduces vehicle travel and 
increases walking and cycling; while reduced parking 
supply increases parking pricing and implementation 
of other parking management strategies that can 
significantly reduce vehicle ownership and mileage. 
Cost recovery pricing (charging users directly for 
parking facilities) typically reduces automobile trips 
by 10-30%, while improved walking and cycling 
conditions tend to decrease motorized travel. It Is 
also unfortunate that those African cityscapes do not 
create an enabling environment for roadside walk 
and cycling 


FINDINGS AND RECOMMENDATIONS 


According to the analysis of the 
characteristics in Minna CBD, the 
observations can be deduced: 

i. Mere relocation of a particular land use 
activities in an area does not solve traffic 
problem in that locality just like the relocation 
of the federal capital territory away from 
Lagos to Abuja has had no major positive 
impact on Lagos road traffic problems. 

li. | No provision of official off-street parking lots 
in the central area of the town leads to 
indiscriminate on-street parking activities and 
chaotic vehicular traffic flow. This is in 
accordance with the findings by Olorunfemi et 
al., (2014) in their work on on-street parking 
at Lokoja, Kogi State. 

lili. © The enforcement of prohibitive laws without 
addressing the forces of demand and supply 
of parking spaces will only leads to relocation 
of trouble zones as exemplified in this study. 
Obasanjo complex area, Gwari Market and 
Ogbomoso-Lagos roads are frustrating during 


parking 
following 
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the peak hours of the day. 

iv. Inconsistencies in governmental policies 
among political parties (PDP and APC) often 
erode policy implementation. The present 
APC government at the state tends to relax 
most of the past regime prohibitive laws like 
the use of commercial motorcycle and the 
abandonment of the ultra-modern multi- 
purpose city centre mall project initiated by 
the past government in 2010. 

v. The intra-city road designs and_ their 
utilization do not encourage pedestrian walk 
and cycling. There are no separated traffic 
lanes that ensure the safety of none- 
motorized means of transport in the town. 

Based on these findings and many more, the 
following are recommended: 

i. The government as a matter of urgency 
should build off-street parking lots preferably 
through PPP as obtainable in other city 
centres. 

li. ©The present Mobil taxi park should be 
converted to modern off-street parking lots. 
This will benefit both the local municipal 
authority and the commuters maximally. 

lil. © The present Gwadebe Market should be re- 
design with underground parking lots to ease 
the present gridlock often experienced along 
Gwari Market road. There should be 
optimization of every land uses within the 
central area of the town while responding to 
the land market forces. 

iv. There is the need for continuous research 
studies on the demand and supply factors of 
parking activities in the CBD in conjunction 
with trip distribution and origin and destination 
surveys. 

v. | The government of Niger State and Nigeria as 
a whole need as a matter of urgency walk 
toward the creation of lane separation in 
cities, and fully embrace green mobility 
crusade. Few east African countries are 
already observing automobile free days which 
have positive impacts on the citizenry socio- 
economically and health wise. 


REFERENCES 


Aderamo AJ and Salau KA (2013). Parking patterns 
and problems in developing countries: A case from 
llorin, Nigeria, African Journal of Engineering 


0. Int. J. Sustain. Trans and Logist. 


Research; 1(2): 40-48. 

AASHTO (1994). Standard Specifications for 
Structural Supports for Highway. Signs Luminaires 
and Traffic Signals, Washington, D.C. 

Armstrong E (2015). Taking the U.S by storm. 
Retrieved from Smartparking.com: 
httos://www.smartparking.com/blog/posts/taking- 
the-us-by-storm 

Banister D, Watson S and Wood C (1997). 
Sustainable Cities: Transport, Energy, and Urban 
Form. Environment and Planning B.; 24:125-143. 

Black WA (2003). Transportation: a Geographical 
Analysis, New York: Guilford Press. 

Cats O, Zhang C and Nissan A (2016). Survey 
methodology for measuring parking occupancy: 
Impacts of an on-street parking pricing scheme in 
an urban center. Transport Policy; 47: 55-63, DOI: 
10.1016/j.tranpol.2015.12.008. 

Cheng T, Tai M and Ma Ze, (2012). The Model of 
Parking Demand Forecast for the Urban CCD; 
2012 International Conference on Future Energy, 
Environment, and Materials. 

Debasish D and Mokaddes AA (2017). Level of 
Service for On-street Parking. KSCE Journal of 
Civil Engineering; (0000) 00(0):1-11, DOI 
10.1007/s12205-017-1538-1 

Den AD (2015). Internet of Thinks Method and 
implementation. Research gate 

European Conference of Ministers of Transport 
[ECMT] (2007). Managing urban traffic Congestion 
Summary document Transport Research Centre, 
European Conference of Ministers of Transport. 

Fadairo G (2013). Traffic Congestion in Akure, Ondo 
State, Nigeria: Using Federal University of 
Technology Akure Road as a case. study. 
International Journal of Arts and Commerce; 2(5). 

Gbadamosi KT (2009). A preliminary investigation of 
the bus rapid transit in Lagos State. Nigerian 
Geographical Journal; 5(2): 70 - 85. 

Ginsburg NS, Koppel B and McGee TG (1991). The 
Extended Metropolis: Settlement Transition in Asia, 
Honolulu: University of Hawaii Press. 

He Y, Sun X, Du L, Jinmei R and Das S (2012). 
September. Level of service for parking facilities. In 
Intelligent Transportation Systems (ITSC), 2012 
15th International IEEE Conference on (pp. 
11611165). IEEE. DOI: 
10.1109/ITSC.2012.6338914. 

Holtzclaw J, Robert C, Hank D, David G and Peter H 
(2002). Location Efficiency: Neighbourhood and 
socio-Economic Characteristics Determine Auto 
Ownership and Use Studies in Chicago, Los 


Angeles and San Francisco. Transportation 
Planning and Technology; 25(1): 1-27. 

Hon ML (2005). Evaluation of traffic congestion 
relieving options with using cost-benefit analysis: 
case study of Central-Wan Chai, unpublished MSc. 
Thesis, The University of Hong Kong. 

Huanmei Qin, Qing Xiao, Hongzhi Guan, Xiaosong 
Pan, (2010). Analysis on the Parking demand of the 
Commercial Buildings Considering the Public 
Transport Accessibility. Nature and Science. 

lbitoye AB and Bello AA (2012). Effects of congestion 
on travel time variability along Abuja-Keffi Corridor 
in Nigeria. Global Journal of Researches in Civil 
Engineering and Structural Engineering; 12(3). 

ITE Smart Growth Task Force (2003). Smart Growth 
Transportation Guidelines, Institute of 
Transportation Engineers (www.ite.org). 

Judycki DC and Berman W (1992). Transportation 
System Management. In: John, D.E., Jr., P.E. (ed.), 
Transportation Planning Handbook, Englewood 
Cliffs, New Jersey: Prentice-Hall. 

Khanna A and Anand R (2016). lol based smart 
parking system. In Internet of Things and 
Applications (IOTA), International Conference on 
(pp. 266-270); IEEE. 

Litman T (2004). Understanding Smart Growth 


Savings, Victoria Transport Policy Institute 
(www.vipi.org). 

Mahmud HI (2013). Framework for _ Traffic 
Congestion Management Economia. Seria 


Management; 16(1). 

Milwaukee Department of City Development (2002). 
Parking Spaces / Community Places: Finding the 
Balance through Smart Growth Solutions. 64; 
www.epa.gov > sites » production > files » documents 
» epaparkingspaces06 

OECD/ECMT (2007). Transportation Cost and 
Benefit Analysis Il —Congestion Costs Victoria 
Transport Policy Institute (www.vtpi.org) 

Olorunfemi SO, Olowosegun A, Koffi AE, Okoko E 
and Mobolaji S (2014). Examination of On-Street 
Parking and Traffic Congestion Problems in Lokoja. 
Civil and Environmental Research; 6(4), ISSN 
2224-5790 (Paper) ISSN 2225-0514 (Online). 
www.liste.org 

Pande A and Brian W (2016). Traffic Engineering 
Handbook Seventh Edition. New Jersey: Wiley. 

Pardosi T (2016). Statistik Transportasi DKI Jakarta 
2016. Jakarta: BPS Provinsi DKI Jakarta [In 
English: Transportation Statistics DKI JAKARTA 
2016. Jakarta: BPS, DKI Jakarta Province.]. 

Raji B and Waziri. O. (2008): Analysis of Intra-Urban 


traffic problems in Nigeria: A study of Lagos 
Metropolis. Indonesian Journal of Geography; 
40(1): 31-51. 

Rao YR (2017). Automatic smart parking system 
using Internet of Things (IOT). International Journal 
of Engineering Technology and _ Sciences 
Research; 4(2): 394-3386. 

Rye T (2010). Parking Management: A Contribution 
towards livable cities. Module 2c, sustainable 
transport: A source book for policy makers in 
developing city. Published by gtz transport advisory 
services. 

sandip C and Taraknath M (2010). Behavioral 
Characteristics of Car Parking Demand: A Case 
Study of Kolkata, Institute of Town Planners, India 
Journal; 7 - 4, 01 — 11. 

Shiftan Y and Burd-Eden R (2000). Modelling the 
response to parking policy. Presented at TRB 
(Transportation Research Board) 2001 Annual 
Meeting, Washington, DC, DOI: 10.3141/1765-05. 

Shoup D (2007). Cruising for parking. Available; 
http://shoup. 
bol.ucla.edu/CruisingForParkingAccess.pdf. 

Shoup Donald (2005). High Cost of Free Parking. 
Washington DC, American planning association. 
http://www.tandf.co.uk/journals/online/0308- 
1060.html 

Subramani T (2012). Parking Study on Main 
Corridors in Major Urban Centre, International 
Journal of Modern Engineering Research (IJMER). 

Tumlin J and Siegman PS (1993). The Cost of Free 
Parking. The Urban Ecologist. 


Dukiya J. J. il 


Victoria Transport Policy Institute (2011). Parking 
Evaluation—Evaluating Parking Problems, 
Solutions, Costs, and Benefits. Report updated 
October 11, 2011. 

Wang H and He W (2011). Areservation-based smart 
parking system. In Computer Communications 
Workshops (INFOCOM WKSHPS), 2011 IEEE 
Conference on (pp. 690-695). IEEE. 

World Population Stat (2021). World Bank, United 
Nations, Census, GeoNames. 
http//www.cencus.gov/data/data-tools.html 

Yang H, Hao S and Lei W (2010). Research on the 
Improvement of Urban Public Car Park Level of 
service. Transport Standardization May; pp. 87-90. 

Ye X, Chen J, Wang T, Zheng J and Zhang H (2013). 
October. Level of Service of Curbside Parking 
Facilities Based on Parking Accessibility. In Fourth 
International Conference on _ Transportation 
Engineering; DOI: 10.1061/9780784413159.318. 

Zheng Yu Wang, Wei Li Zhang, Lei Wang and Jin Xin 
Cao (2013). Study of influence of parking in the 
ways on road capacity around schools based on 
flocking theory. 13th COTA _ International 
Conference of Transportation Professionals 
(CICTP) Published by Elsevier Ltd. Open access 
under CC BY-NC-ND license. 


